Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(1 1)Publication number : 



07-332353 



(43)Date of publication of application : 22.12.1995 



(51)lnt.CI. 



F16C 17/10 
F16C 33/20 



(21)Application number : 06-123950 



(22)Date of filing : 



06.06.1994 



(71) Applicant : NIPPON SEIKO KK 

(72) lnventor : TANAKA KATSUHIKO 

ASAI HIROMITSU 
SAKATANI IKUNORI 



(54) DYNAMIC PRESSURIZING BEARING 

(57)Abstract: 

PURPOSE: To provide a dynamic pressurizing bearing 
which has an excellent slidability of a bearing surface 
and an excellent productivity at a low cost. 
CONSTITUTION: On the outer surface of the shaft 30 of 
a dynamic pressure bearing having a sleeve 2 which 
cooperates with the shaft 30, a thrust bearing flange 35 
is formed through the insertion molding of synthetic 
resin, and the thrust receiving surfaces 36 and 37 as the 
bearing surfaces having the grooves 36a and 37a for 
generating dynamic pressure are formed. Accordingly, 
the use of the thermoplastic resin having the large 
contraction performance is enabled, and the excellent 
dimension precision and the small change through the 
lapse of time are enabled. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely, 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The hydrodynamic bearing characterized by establishing the bearing surface which has a slot 
for dynamic pressure generating in the synthetic resin by which insert molding was carried out to axial 
external surface in the hydrodynamic bearing equipped with the shaft and the sleeve which has two 
incomes. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Sliding nature of this invention is good and it is related with the hydrodynamic 

bearing of low cost. 

[0002] 

[Description of the Prior Art] As a conventional hydrodynamic bearing, there is a thing as shown, for 
example in drawing 4 . This is used for the spindle motor of a magnetic disk drive, and is equipped with 
a shaft 1, its shaft 1, and the sleeve (that is, dynamic pressure is generated in relative rotation) 2 that has 
two incomes. In the case of this drawing, the shaft 1 is being fixed, and by rotating the surroundings of 
that shaft 1 , a sleeve 2 generates dynamic pressure and is supported by non-contact. 
[0003] A sleeve 2 has a boss 3 in the axial center section by elasticity metal, such as a copper alloy or an 
aluminum containing alloy, and has two radial bearing sides 4 and 5 as one bearing surface in the inner 
skin. The grooves 4a and 5a for herringbone-like generating [ dynamic pressure ] are formed in each of 
those radial bearing sides 4 and 5, respectively. Moreover, two thrust bearing sides 7 and 8 are 
established in the crevice 10 of a major diameter from the boss 3 of the end ( drawing 4 upper limit) of a 
sleeve 2. One thrust bearing side 7 is formed in the inferior surface of tongue of the thrust plate 9 of 
doughnut plate type attached so that it might cover with the lid of the upper limit of a crevice 10. The 
thrust bearing side 8 of another side is formed in the bottom surface part of the crevice 1 0 which has 
countered the thrust plate 9. 

[0004] A shaft 1 is a product made from stainless steel, is set up by the base of housing 1 1 and has the 
thrust-bearing flanges 1 3 of elasticity metal, such as a copper alloy pressed fit in outer-diameter side 1 a 
of the upper limit section, or an aluminum containing alloy. The thrust-bearing flange 13 is located in 
said crevice 10 of a sleeve 2, and are the thrust abutments 15 and 16 as the bearing surface whose 
vertical both sides are one side, respectively. Groove 15a for dynamic pressure generating is formed in 
the thrust abutment 15 on top, and it is countered through the thrust bearing surface 7 and the thrust- 
bearing clearance 1 7 which are the bearing surface of another side (however, at the time of the 
nonrotation of a sleeve 2, both sides 7 and 15 contact and do not produce the thrust-bearing clearance 
17). Moreover, groove 16a for dynamic pressure generating is formed in the thrust abutment 16 at the 
bottom, and it is countered through the thrust bearing side 8 and the thrust bearing clearance 18 which 
are the bearing surface of another side. 

[0005] Two radial abutments 21 and 22 as the bearing surface of another side placed lubricant ****** 

24 in between, and were formed in it, and the peripheral face of a shaft 1 is countered through the 
bearing clearance 23 in the radial bearing sides 4 and 5 which are one [ said ] bearing surfaces. The hub 

25 is really attached in the peripheral face of the above-mentioned sleeve 2 pivotable, and the annular 
hollow 26 is formed between the lower periphery of a sleeve 2, and the lower inner circumference of a 
hub 25. The stator 28 which Rota (magnet) 27 was fixed to the hub bore side of the hollow 26, separated 
the air gap G of the direction of a path to the Rota 27, and was allotted to circumferential opposite is 
fixed to housing 1 1 , and brushless DC motor M of a radial gap form is constituted. The magnetic disk 
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outside drawing is carried in the external surface of a hub 25, and it has the structure of driving a 
magnetic disk, by rotating a sleeve 2 by Motor M. 

[0006] While constitutes radial bearing here and the grooves 4a and 5 a for dynamic pressure generating 
of the above-mentioned radial bearing sides 4 and 5 as the bearing surface are formed in the bore side of 
a sleeve 2 by plastic working by ball rolling. Moreover, while constitutes thrust bearing and the grooves 
1 5a and 1 6a for dynamic pressure generating of the thrust abutments 1 5 and 1 6 as the bearing surface 
are formed in the both-ends side of the thrust bearing flange 13 pressed fit in outer-diameter side la of a 
shaft 1 by plastic working by the press. 
[0007] 

[Problem(s) to be Solved by the Invention] At the time of starting and a halt, a shaft 1 and a sleeve 2 
carry out contact rotation of the hydrodynamic bearing. Therefore, it is desirable to use the good 
ingredient of sliding nature in the bearing surface to raise bearing endurance, however, the description of 
the lubricant used in the conventional hydrodynamic bearing since sliding nature used the copper alloy 
and aluminum containing alloy which are not necessarily good as an ingredient of a sleeve — how ~ 
starting / halt endurance -*♦********♦♦„ there were things. Especially, in thrust bearing, by 
receiving axial load at a flat surface, since peripheral speed is also quick in the periphery section, there is 
a trouble that starting / halt endurance becomes short compared with radial bearing in many cases. 
[0008] Moreover, since the thrust-bearing flange is pressed fit in the outer-diameter side of a shaft, while 
components mark increase, it is necessary to process the bore side of a flange with a sufficient precision, 
and there is also a trouble that cost becomes high. Then, this invention aims at offering the 
hydrodynamic beeiring of low cost which was made paying attention to the trouble of the above- 
mentioned conventional hydrodynamic bearing, and was excellent in the sliding nature of the bearing 
surface, and was excellent in mass-production nature. 
[0009] 

[Means for Solving the Problem] This invention relates to the hydrodynamic bearing equipped with the 
shaft and the sleeve which has two incomes, and is characterized by establishing the bearing surface 
which has a slot for dynamic pressure generating in the synthetic resin by which insert molding was 
carried out to axial external surface. 
[0010] 

[Function] Since the bearing surface with the slot for dynamic pressure generating is synthetic resin, the 
hydrodynamic bearing of this invention has good sliding nature. And injection molding of the bearing 
surface concerned is carried out by insert molding, and the mass production in low cost is possible for it. 
A shaft is made to stick and fix the bearing surface with the slot for dynamic pressure generating by 
which insert molding was carried out using contraction of the synthetic resin of the cooling process after 
shaping. Therefore, use of thermoplastics with comparatively large die shrinkage is possible, and there is 
little constraint of use resin. 

[001 1] Precision tends to secure [ the dimension of the slot for dynamic pressure generating formed with 
coincidence shaping ] the bearing surface formed in axial external surface by the insert molding of 
synthetic resin. Moreover, a synthetic-resin layer and a shaft stick and there is little aging of dimensional 
accuracy. Moreover, in the case of the hydrodynamic bearing of this invention, the squareness of a radial 
bearing side and a thrust bearing side is decided by metal mold precision, and quality is stabilized. 
[0012] Incidentally, if it is going to fabricate a synthetic-resin layer to a metal sleeve bore, synthetic 
resin will exfoliate from a sleeve side in the cooling process after shaping. In order to prevent this, 
adhesives are beforehand applied and fabricated to a metal sleeve inside using thermosetting resin with 
little die shrinkage. In that case, it is necessary to hold until it hardens within metal mold, in order to use 
thermosetting resin, and a molding cycle becomes long, and mass-production nature falls. 
[0013] 

[Example] Below, the example of this invention is explained with reference to a drawing. In addition, 
the sign same into a considerable part identically to the former is attached, and the overlapping 
explanation is omitted. Drawing 1 is the sectional view of the hydrodynamic bearing of one example of 
this invention, and consists of sleeves 2 which carry out relative rotation of a shaft 30 and its perimeter. 
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[0014] Said shaft 30 has the thrust-bearing flange 35 made of synthetic resin formed in outer-diameter 
side 31a of the upper limit section by insert molding while placing lubricant ****** 24 in between and 
having the radial abutments 33 and 34 of the shape of a cylinder as the bearing surface in two upper and 
lower sides of the peripheral face of the axis which consists of stainless steel hardened by heat treatment. 
As synthetic resin, what filled up PPS (polyphenylene sulfide) resin, an epoxy resin, polyamide resin, 
and polyacetal resin with wear-resistant improvement matter, such as a carbon fiber, EKONORU, 
graphite, molybdenum disulfide, and polyimide, for example is desirable. 

[0015] Vertical both sides of the thrust-bearing flange 35 are made into the thrust abutments 36 and 37 
as the bearing surface, respectively, groove 36a for dynamic pressure generating is formed in the thrust 
abutment 36 on top, and groove 37a for dynamic pressure generating is formed in the thrust abutment 37 
at the bottom. The slots 36a and 37a for these dynamic pressure generating are imprinted and formed 
fi-om metal mold at the time of the insert molding of the thrust-bearing flange 35. 
[0016] The thrust-bearing flange 35 by which insert molding was carried out to the shaft 30 is stuck to 
outer-diameter side 3 1 a of a shaft by contraction of synthetic resin. It escapes fi'om the thing of 
illustration to axial outer-diameter side 3 1 a beforehand, and it has prepared circumferential groove 3 1 b 
for stops in it. However, it escapes, and that what is necessary is just to prepare if needed, when axial 
load is small, it is not necessary to prepare circumferential groove 31b for stops. In addition, especially 
limitation is not carried out instead of circumferential groove 31b for the number of the configuration or 
circumferential groove so that it may not be a blue flag pattern by knurling tool processing. 
[0017] It consisted of an elasticity metal, and it had two radial bearing sides 4 and 5 in the bore side of a 
boss 3, the slots 4a and 5a for dynamic pressure generating were formed in it of ball rolling, 
respectively, and the sleeve 2 of this example has countered the radial abutments 33 and 34 of the shaft 
30 which is the bearing surface of another side. Moreover, two thrust bearing sides 7 and 8 faced and 
established in the crevice 10 of the upper limit of a sleeve 2 have countered the thrust abutments 36 and 
37 which are the bearing surfaces of said shaft 30. 

[0018] Next, an operation is explained. In the quiescent state before rotation, the thrust bearing side 7 
and the thrust abutment 36 which is the bearing surface of another side which countered this touch, and 
the thrust bearing clearance 1 7 does not intervene between both-bearings sides. If a sleeve 2 revolves 
around the shaft 30 of a hydrodynamic bearing, the pressure of the fluid in the thrust bearing clearance 
17 and 18 will become high in a pumping operation of the grooves 15a and 16a for dynamic pressure 
generating for thrust bearing, and the thrust abutments 36 and 37 will be rotated by the thrust bearing 
sides 7 and 8 and non-contact. The pressure of the fluid in the radial bearing clearance 23 becomes high 
at coincidence in a pumping operation of the grooves 4a and 5a for dynamic pressure generating for 
radial bearing, and the radial abutments 33 and 34 are rotated by the radial bearing sides 4a and 5a and 
non-contact. 

[0019] However, the pressure of the fluid in the thrust-bearing clearance 17 by pumping operation of 
slot 36a for dynamic pressure generating is inadequate for surfacing a sleeve 2 in early stages of 
rotational, and the thrust shaft abutment 7 and the thrust abutment 36 carry out contact rotation. 
Moreover, when a sleeve 2 stops fi-om the condition of rotating by non-contact on the shaft 1 , if 
rotational speed falls, the pressure of the fluid in the thrust bearing clearance 1 7 will decrease, and the 
thrust bearing side 7 and the thrust abutment 36 will begin to carry out contact rotation similarly. 
[0020] The thrust abutment 36 of the thrust-bearing flange 35 which carries out contact rotation at this 
time is the good synthetic resin of sliding nature, the contact resistance with the thrust shaft abutment 7 
of the sleeve which consists of an elasticity metal is small, therefore both wear is sharply reduced 
compared with the former. When a radial road applies to a small thing especially compared with axial 
load, the endurance of the hydrodynamic bearing of this example which used synthetic resin only for 
thrust bearing at the tune of starting and a halt of a hydrodynamic bearing improves sharply, and a 
bearing life is extended. 

[0021] In this case, the thrust-bearing flange 35 in which the thrust abutment 36 which is the bearing 
surface which has slot 36a for dynamic pressure generating is established is formed by insert molding, 
and does not have to carry out cutting like the conventional metal flange, the assembly by the press fit to 
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a shaft is also unnecessary, since the slots 36a and 37a for dynamic pressure generating are moreover 
processible at the time of shaping, it excels in mass-production nature, and cost is cheap, moreover, it is 
the air in a hydrodynamic bearing — it is possible to also process the air bleed hole for making a ball 
open for free passage outside if needed to having machined at the time of the above-mentioned insert 
molding conventionally, and cost is reduced also at the point. 

[0022] Other examples are shown in drawing 2 . It differs from the 1st example of the above in that this 
2nd example formed the radial bearing and thrust bearing of shaft 30A in one by the insert molding of 
synthetic resin at the axial body. That is, insert molding also of the part of the radial abutments 33A and 
34 A of an axial outer-diameter side has been carried out in this synthetic-resin layer 40 at the same time 
it carries out insert molding of the thrust-bearing flange 35 A of synthetic resin to the upper limit section 
of shaft 30A made from stainless steel. And at the time of insert molding, while forming the slots 36a 
and 37a for dynamic pressure generating in the thrust abutments 36 A and 37 A of thrust-bearing flange 
35A at coincidence, the slots 33a and 34a for dynamic pressure generating are formed in the radial 
abutments 33 A and 34A of an axial outer-diameter side. When it is too thin, its flow of resin is bad, and 
since shaping precision will stop being able to secure it easily if the thickness of the synthetic-resin layer 
40 of the radial abutments 33A and 34A which are the bearing surfaces is too thick, its 0.2 - 1 mm extent 
is desirable. 

[0023] Since this example formed radial bearing and thrust bearing by the insert molding of synthetic 
resin, it is further excellent in mass-production nature, and low cost. Moreover, if insert molding is 
carried out to the outer-diameter side of a shaft, while the dimensional accuracy of the bearing surface at 
the time of shaping will improve, since synthetic resin has stuck to the shaft, there is an advantage that 
there is little fear of aging. If it is in this example, even if a radial road is large, the deactivation 
endurance of a radial bearing side can be raised. 

[0024] The example of fiirther others is shown in drawing 3 . This example is an example at the time of 
considering as the axial penetration form where shaft 3 OB has penetrated sleeve 2 A. Namely, while shaft 
30B makes thrust-bearing flange 35B made of synthetic resin the central neighborhood of the shaft made 
from stainless steel in the axial outer-diameter side of the both sides and makes insert molding of the 
radial abutments 33B and 34B as the bearing surface made of synthetic resin to one again The slots 36a 
and 37a for dynamic pressure generating are formed in the thrust abutments 36B and 37B of thrust- 
bearing flange 35B, and the slots 33a and 34a for dynamic pressure generating are formed in the radial 
abutments 33B and 34B of an axial outer-diameter side. 

[0025] It has crevice 1 OA of a major diameter by the middle of boss 3 A which penetrates an axis, and 
thrust-bearing flange 35of shaft 30B B is arranged in the crevice lOA by the direction of sleeve 2A. And 
the radial bearing sides 4A and 5A which counter the radial abutments 33B and 34B of a shaft through 
the radial bearing clearance 23 are formed in the bore side of said boss 3 A of the both sides of crevice 
lOA. On the other hand, the thrust shaft abutments 7A and 8 A which counter the thrust abutments 36B 
and 37B of thrust-bearing flange 35B by which insert molding was carried out to the shaft through the 
thrust-bearing clearance 1 7 and 1 8 (in rotation condition) are formed in the flat surface at which crevice 
lOA faces. 

[0026] Also according to this example, the 2nd example of the above, and the same operation and 
effectiveness as abbreviation can be acquired. In addition, although each above-mentioned example 
explained the thing of structure which receives axial load in the bearing surface of both sides of a thrust- 
bearing flange, if the direction where the load of the axial load is carried out is an one direction, the end 
face of a shaft may be directly made into a thrust abutment, and a thrust-bearing flange may be omitted. 
[0027] Moreover, in the case of an example, the stainless steel hardened by heat treatment shall be used 
for the quality of the material of the shaft to be used, but the green wood which is not heat-treated not 
only in this is sufficient as it. Or the good copper alloy and aluminum containing alloy made from 
cutting are sufficient. Moreover, it is not necessary to limit especially the quality of the material of the 
thrust abutment which is the bearing surface made of synthetic resin, a radial abutment, and the bearing 
surface of the sleeve which is the phase hand part material which has two incomes, and stainless steel, 
synthetic resin, etc. can be used other than the copper alloy shown in the example, and an aluminum 
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containing alloy. 

[0028] Moreover, although axial immobilization explained as sleeve rotation in the example, you may 
be axial rotation in sleeve immobilization on the contrary, or both rotation with a shaft and a sleeve is 
sufficient. Moreover, it may be free, the case where the thrust-bearing flange side of the axis end 
illustrated in the example is a top may be vertical reverse, and the use posture of a hydrodynamic 
bearing does not ask the perpendicular of a shaft, level, and slant further. 

[0029] Moreover, although the grooves 33a and 34a for dynamic pressure generating for radial bearing 
were formed only in the radial abutments 33 and 34, you may prepare both sides vsdth the direction of 
the radial bearing side which counters. Similarly, you may prepare both sides not only with the thrust 
abutments 36 and 37 but the thrust bearing side which counters also about the grooves 36a and 37a for 
dynamic pressure generating for thrust bearing. Moreover, the slots 33a, 34a, 36a, and 37a for each 
dynamic pressure generating of the above-mentioned example may not be restricted to a herringbone- 
like slot, in addition may be the grooves for dynamic pressure generating of well-knovra configurations, 
such as the shape for example, of a spiral. 

[0030] Moreover, lubricant ****** 24 illustrated in the 1st and 2nd examples is also omissible on a 
design. Moreover, lubricating system of the hydrodynamic bearing of this invention is not carried out, 
either, but especially limitation can apply various lubricating system, such as magnetic fluid lubrication 
besides oil lubrication and grease lubrication, water lubrication, and air lubrication, for it. In addition, in 
the case of water lubrication, if a synthetic-resin layer is prepared not only all over the bearing surface 
but all over a shaft, rust generating of a shaft can be prevented. 

[0031] The hydrodynamic bearing of this invention that has been explained above is the optimal as 
bearing of various spindle units, such as scanner motors, such as spindle motors, such as a magnetic disk 
and an optical disk unit, a cylinder motor of an audio equipment or a visual equipment, and a digital 
copier, and a fan motor. 
[0032] 

[Effect of the Invention] As explained above, according to the hydrodynamic bearing of this invention, 
the effectiveness that the hydrodynamic bearing of low cost which wrote as that by which the bearing 
surface which has a slot for dynamic pressure generating in the synthetic resin by which insert molding 
was carried out is established in axial external surface, and was excellent in the sliding nature of the 
bearing surface, and was excellent in mass-production nature can be offered is done so. 
[0033] Moreover, since a synthetic-resin layer and a shaft stick, while use of thermoplastics with 
comparatively large contraction is possible since the die shrinkage of synthetic resin is used, and 
excelling in dimensional accuracy, aging of a dimension and the effectiveness that few hydrodynamic 
bearings are obtained do so. Furthermore, the effectiveness that the squareness of a radial bearing side 
and a thrust bearing side is decided by metal mold precision, and the product of the stable quality can be 
offered is also acquired. 
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tmn ^nri^^ c ^^^Ltr^ %oxh^. 

[0 0 10] 

>i^- h&mxmoMS.m'^ni&ax hxommft^ 
^mx$>^. •<>-tf-hiSj^^n;t»iBE%^ffl<os?$j$ 

50 ||i<0«IH»*t/j>;feV5. 
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(3) 

3 

CO 0 1 1] ^i^m\z^&m(D^>D—h0(,mrm0(, 
[0 0 12] ^u^\z. ^«fi(ox»j-:/i*iaiC'&d&iM 

[0 0 13] 

n^i^LT. m^r^^m^'^^'i'^. 01 *«m 
[0 0 14] irEtt3 ott, «y^a}»ffiatc:J:D«<L 

(^^i^TiPSffiS 3, 3A^mt^thh\Z. ±ffll80 

^i^gM 3 1 a ic^ >i^-- vm&^m&'^nit^^mmm, 

[0 0 15] -^OX^X h*aS7^>>^3 5CD±TWH 
tt, -^n-^nttSffi^zLTOX^I^hSMS 6. 37t 
^n, ±ffi(7)X^Xh§®3 6lC«i!lffi%4ffl<D^-?3 

0i»36a, 37att> 7sy7shiA^yv>l?2b(0^ 
[0 0 16] M3 OJc-f >1f-h^Jg$nfcX^XMfl 
3 1 alC^^T^o gI^cot)COt^, mgffi3 1 aJC^ 

±*ffl(D^»i3 1 b«ie^sfcfl?i;Tffl!ttn«ct<, 7+ 

->7;U?5Sd^/h$Vi«'&lCttKtt^i:<Tmv^. ffl 

[0 0 17] ^(r>%mm(D7.^)-':f 2\Wi'^^mt^^ti 

0, tt3l3(0(^gffiJC-fiO'7i^7;UttSffi4. 
UT*-;KBiSICj:r)S4jE«^fflc?5}«4 a, 5 asJt-tn 5» 



it$S¥7-33 2 3 5 3 

ffi3 3. 3 4K:i*lBjUT^><b. XU->^2©±® 
(DEnffl 1 0 JcffiWLTKtt &n;^XfflOX^X httlSffi 
7, e!rI2tt3 0<^ttSffiT&^X^;^ hSffi3 

6, 3 7(CitI^lUTVi^o 

[0 0 18] ^j^icf^ffl^iSHj-rso iiaKftao^jhttSB 

x^xhWgffi7<!:i:nic«[p]L.:rc*&;6r(OttSffi 

tt3 0(3!)ffiO&XU->^2*tlHME-r^t, X^XhlftS 
ffl08ftE»4ffl^^l 5 a. 1 6 a(DTp>tf>i^f^ffl7? 
X^;;^ h«lST«* 1 7, 1 8rt(Z)SfE«:<DBEA*tS5<;a: 
hS:®3 6, 3 7«X^Xh*fiS:®7, 8i: 
*»«TIiIteT^. I^«flc, ^>?7;KftSffl«)»E«± 
ffl^'€'4a, 5 a(D7}?>fcf>^f^fflT^i^7JI/ttgf ^ 

^2znom»(r>fEiiim<ur^. ^v7;i/§ffl3 3, 

3 4 «^ S^7JH*affi 4 a . 5 a t #»tt!TIlMBf 
[0 0 19] bJ&^L. [Hiec^a)«8-C«, ifiEE^^fflcoS 
3 6 acO#>tf >J^f^ffllC±SX^;^ MfigfSS 1 7 

»D. X^Xhttgffi7i:X^XhSffi3 6t;&t»)ttlHl 
et-^. *yc, XU-:/2;!^«ttl{C#l^MT|HltebTV^ 

7s Mflgffi7 tx^x hsas 6 himmzmi!mx^ 

[0 0 2 0] C:cO(i:^»ttlHj^'r^X^XMflg7^> 
>>3 5 0X^X hSffiS 6 «}S8ilttoa»3S:^J«IMiiT 

4!c!l^ii:«i^e);^^xu-:/ox^xhtt§®7^ 

[0 0 2 1] ;ico«'&, »ffi^4ffic0j»3 6 a^W-r^ 
'b^?^^fCl!l£E»±^<^i«3 6 a, 3 7 a;)tJnXT€r^ 

t), af*tt«ttinixLTVi;t<??Jc*rLTf£:^Btcifc:i;T± 

E-f >it-h^«J^«f»CJnX-r^Ci:;VpIffiT*D, -to 

[0 0 2 2] H 2 iCfficO^Jfim^T. ;i<oa2<OSIJfi 
^J«, »a3 0 A(0^v7>lHffigB:):;x^XhWg*fC, 
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5 

nSffia)^>^7;p§ffi3 3A, 3 4AC0»»t>|Rl^flc« 

Xh§ffl3 6A. 3 7AJcBlfiE%^ffl(0}»3 6 a, 3 7 
aSM^flc-rSii^tC, ttilSHc0^i>7;USffi3 3A. 
3 4Alc8!lffi«tfflcOt83 3 a. 3 4 a SJg/SUTVi 
|ftSffi'C»'5^>^7;PSffi3 3A, 34AC0^fiKtf 

JIB 4 0 (Djp^ tt, »-r^^ twm<ommm< . 
^^tf&mmmi)m^v\z<<u^(Di:. 0.2 -1 mm 

[0 0 2 3] ^:co^JSCT«> yz^7)m^RU:^y7s h 

iimAit^tthiz. ^^mmiim\z^mLx^^^(Dr 

9i\zS>'DX\t. yz^7)V^&iA±t<Xhs yl^7)m 

[0 0 2 4] 03 tcsic^co^jfews^-To com&m 

\t. tt3 0B)&^XU-:^2A^SaLTVi^ifftSa?^i: 

ffi^:bTO^>?7;i'SB3 3B. 3 4 BS-#:JC-f ^t^* 
-h;$?^'r^<i:i:t)fc. 7sy7sh^^yy>'J3 5B<D 
X7XhSffi3 6B, 3 7BlCi!i£E»*ffl(D«3 6 a, 
3 7a&?^^St. m9y^mOyi^7)lS:m3 3 

B. 3 4B(cl4E55ifflcoS}3 3a, 3 4aSJgfigl/T 

[0 0 2 5] x^)-:/2A<D:^\t. iiiE^sar^m 

3A(Dl'raiCJ:D:fcaoia»l 0 A^Wb, -^«)IHiaBl 

0A(C<ft3 0B<DX^XhlfflS7^>v3 5 B^tgES^ 
nrVi-S. -^-UTlHl^Kl 0 A<DWffi!l(Dirffitt?L3A(Drt 
SMJCtt, tt(^^5^7;i/SS3 3B, 34BfC^i^7JU 
ttSf ^ * 2 3 LX^l^t^ y S^7;i/ttSffl 4 A. 

sAnm^^tix^^^^. Da» 1 0 Aoffl^jf^^ 

>?3 5 BOX5X>Sffi3 6 B. 3 7 BJC (l5lte*5ffi 

T) X^XM&STt^l 7, 1 8^:fM.T**(Sjr^X 

7XMftSffi7A, SAd^J^iS^fnTViS. 

[0 0 2 6] :i(D%mm\zii^x^. ±M^2(Dmmm 

#*ttMTtt, 7+v'7;W2S:X^XhttS7^>v? 

i/7;wacoa«f$ns;Err$i*^-:!5isjT»^;rci:6tt. fi 

[0 0 2 7] *t, «fflr^ttO«H»i. *««<Z)« 



(4) 4$ffl¥7-3 3 2 3 5 3 

6 

«JBJ«ofiVi«H^^^7;P5^^r'bfivi. ^^t, 

[0 0 2 8] s/L. %mmx\mm^x7.^)-^mi&t 

nfc fftiS (7) X ^ X h IflS 7 ^ > >^tl^t±0^^ ^ I 

[0 0 2 9] ^v^7;H*Sffl(0»|jB£»*ffla$»L-P3 
3 a, 3 4 a^^5^7;PSffi3 3, 3 4Jro^piSJt& 

ifi. ifim'^yz^7)vm^m(^':f^t(ow,-^\zmnxhSi 

K X7XM*Sffl(0»]EE«±ffl^-?3 6a, 

20 3 7 alCOV^Tt), X^X h§ffi3 6, 3 7 (D^XU< 

n^r^7sy7sV^^mt(Dm)j\zwLyix^Sk^^\ * 

fc. ±SE^Ji^co^»E%^ffl(7)«3 3 a, 3 4 a, 3 
6 a, 3 7att. >{f^s->im\zWi^tVf. ^(^ 

[0 0 3 0] ^it. mimsm2(Dmmmxm7h'^nit 

[0 0 3 1] 6l±KMLT#fc:<t-5;4r«?«M<D«iJ5E«l 

a¥«^cDX + ^:f^-^, 7 7>^-i5^^CD§axbr 
[0 03 2] 

K^^mom^^-^^^^mmn^tix^^^ho^tL 

[0 0 3 3] Sfc, '&£K«JIBa)d6?i^iKiie&*JfflT^c:i 

0, i)^'D^js,&mmtmtf)^^mr^i)^^'tmnm}zs 
tx^tth \z^&(D&^mth<s^u^^m&n^i>min 

^t\^^3^Amh^-r^. MfC, yz^7)m^mt7.yy. 
50 ffliB)&«S«T^*tL>5««'b»5ns. 
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(5) 



^mW- 7-332353 



2A M-':^ 

30 M 

30A M 
30B 

3 3 ^>?7;P2ffi (ttSffi) 

3 4 ^i^7>ll^Sffi (fflSffi) 

3 3A y'jy)\/^m («Sffi) 



5 



3 4A yV7)\/^m «*§S) 

3 3B 7>?7;l^Sffi (ttSffi) 

3 4B 5i;7;PSffi (ttSffi) 

3 6 TsVTsV^m (ttSffl) 

3 7 TsVTsYfm (ttSH) 

3 6A J^^XhSffl (ttSS) 

3 7A TsVTsV^m («Sffi) 

3 68 ;^^;^hSffl msm 

3 7B X'^XhSffi («flSS) 

3 3a mssk^m<r>m 

34a 8!iffK±ffl(D« 

36a »JEE«*ffl<Z)« 

37a %^^^(r>m 



[02] 



[03] 




-30A 




[04] 
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